Abstract: This article covers the issue of preventive protection of population, technical infrastructure, and the environment against adverse impacts of careless spatial development. In the first section, we describe the relationship between sustainable development and spatial development. This discussion is followed by a review of the current state of spatial development security, primarily at a national level in the Czech Republic. The remainder of the paper features our original contribution which is a tool for risk assessment in landscape and urban planning, the Spatial Development Impact Assessment (SDIA) tool. We briefly review the most significant semi-quantitative methods of risk analysis that were used as a starting point in implementing the tool, and we discuss several of SDIA's salient features, namely, the assessment process algorithm, the catalogue of hazard and asset groups, and the spatial development impact matrix.
Introduction
There are many adverse effects on population groups in highly industrial and developing societies that result from careless anthropogenic activities. These effects may vary in nature. They may be economic, psychological, or they may directly trigger physical health problems. Most notably, in cases where the environment is polluted or damaged during spatial development, there is a direct negative impact on public health [1] .
The development of a territory, spatial development as it is termed, is as old as humankind. Humans have always tried to adapt newly settled territories to their needs while also increasing the utility value of these territories; typically, individual residences and other facilities are built in a given area [2] . At present, spatial development is, once again, experiencing a considerable expansion. Pop-ulation groups now congregate in large urban agglomerations which continuously expand [3] . As a result, new industrial plants are built and their appropriate placement is a necessary prerequisite for the approval of any spatial development [4, 5] .
However, recent evidence suggests that there has been increased damage from natural elements in many areas, thus highlighting a significant need for improvement in spatial development [6] . The integration of heavy industry within urban areas, over-mining of mineral resources which causes irreversible damage to important ecosystems, and inadequate placement of large buildings disrupting the character of the landscape are classic examples of anthropogenic activities which have negative effects on social groups.
In addition to creating severe public health concerns (for instance an alteration in the genetic pool of the group), these activities have a severe economic impact. Additional costs need to be covered in order to maintain a classical economic growth rate and restore the environment [7] . Therefore, a model of spatial development that enables a dignified way of living for our generation but also maintains good conditions for future generations is warranted [8] [9] [10] .
Background
In this section, we introduce background material and concepts that form the basis of our spatial development security assessment tool. We discuss the concepts of Sustainable and Spatial Development, Security of Spatial Development, and we introduce Semi-Quantitative Methods of Risk Analysis.
Sustainable Development and Spatial Development
Sustainable development has been high on the agenda of many governments as well as that of the public since the 1960's. The first serious warning against extensive economic development that disregards the environment occurred in the tense first half of the 1970's, during the sudden worldwide energy crisis. This significant milestone was the United Nations (UN) Conference on the Human Environment, held in Stockholm in 1972. Principle 13 of the Stockholm Declaration can be considered to be the essence of sustainable development [11] Spatial Development, on the other hand, is defined from various perspectives in the Literature. It is often understood to be the economic development of a territory in terms of increased revenue generation [13] . Such an understanding is biased and leads to negative consequences.
It is necessary to understand spatial development from a wider perspective. Rather, it should be viewed as a complex development process of territories that includes all their components. The most suitable definition which fits this view has been purported by the Institute of Spatial Development [14] . 
Spatial Development Security
The first strategic document regarding spatial development security in the Czech Republic is the State Environmental Policy of the Czech Republic [15] which defines a consensual framework for mid-term and long-term development of the environmental aspect of sustainable devel-opment of the Czech Republic. The second is the Strategy of Sustainable Development of the Czech Republic [16] . This strategy creates a framework for elaborating the materials of conceptual character (departmental policies and action programmes). It is a starting point for strategic decision making within individual departments, interdepartmental cooperation and cooperation among interest groups. Spatial development in the Czech Republic follows the Act on Spatial Planning and Building Code [17] . The spatial development is carried out in compliance with this Act and on the basis of spatial planning. The function of spatial planning is to assess the policy effects of spatial development, the principles of spatial development, and a spatial plan on a balanced relation between spatial conditions and the environment, economic development and a unity of population living on the territory (hereinafter "assessment of impacts on the sustainable development of territory"). The above mentioned Act is supported by the implementation of regulation on analytical data, planning documents and the way of recording the spatial planning, which amends the terms by assessing their impact on the sustainable development of the territory. Moreover, the Act on the Protection of Nature and Landscape [18] is a relevant statute for assessing the impact of spatial development on the environment. It states that any concept or intention that, either independently or in connection with other concepts, significantly influences the level of protection or the integrity of sites of European importance (as well as important bird habitats) is the subject of assessment of their impact on these sites and of the extent to which they protect these sites [19, 20] . When assessing the consequences of concepts and intentions on the basis of the above mentioned Act, the procedure is followed according to the Act on Environmental Impact [21] , which, in compliance with European Union law [22] [23] [24] , amends the assessment of impacts on the environment and public health as well as the procedures followed by physical entities, legal entities, administrative authorities and territorial self-administration units (municipalities and districts) in the course of assessment. This Act is followed when assessing the impacts on public health and the environment, including the impacts on flora and fauna, ecosystems, soil, rock environment, water, air, climate, landscape, natural resources, corporate property, cultural monuments and their mutual relations and interactions. Thus it is a spatial development impact assessment on population and the environment aimed at providing social and environmental development security. Assessing impacts of spatial development on infrastructure with the aim of providing technical security is not required by any legal standard.
However, it is a very important part of spatial development security [25] , which should be taken into consideration within the process of spatial planning.
Semi-Quantitative Methods of Risk Analysis
At present, there are many methods of risk analysis employed in the area of security [26, 27] , but neither of them is fully suitable for the analysis and assessment of spatial development security. More detailed analyses of the subject matter identified three relevant semi-quantitative methods of risk analysis on which the development of a new tool of spatial development security assessment must be based. These methods are the Fire & Explosion Index, the Hazard & Vulnerability Index and the Hazard & Impact Index. The Fire & Explosion Index Method [28] is a step-by-step index system that aims to realistically assess the threat of fire and explosion given a technological facility's potential. The quantitative parameters used in the system are based on historical data obtained from analyzing past accidents and on the preventive measures commonly used in technological practice. The Fire & Explosion Index provides quantitative measures of possible damage caused by fire or explosion, the identification of equipment which may escalate accidents, and it informs management on the outcomes of the analysis. The step-by-step analysis of the Fire & Explosion Index Method is an optimal decision-making algorithm. Its advantages lie in its simplicity and clarity when implementing individual stages of the method. Nevertheless, the method is unsuitable as it is specifically aimed only at a restricted set of hazards, namely fire and explosion. Moreover, another drawback is that its implementation is time consuming. The Hazard & Vulnerability Index Method [29] is applied for assessing the impact of accidents on the environment. It is also used for assessing and prioritizing the risks on the territories up to the size of the region. The assessment of larger territorial units would require the implementation of geographic information systems. The method is based on mathematical procedures which provide a clear overview of final index values and subsequent determination of the impact of hazardous substances on the environment. At the same time, the clarity of indexation is supported by the principle of separate indexation for individual environmental elements. Therefore the above mentioned principle is applied not only to the indexation, but also to the classification of negative aspects of spatial development as well as the areas which are impacted.
The method of preventive military training and environmental impact assessment is called the Hazard & Impact Index [30] . It is a semi-quantitative method that was developed by the team of Czech environmentalists from 2007 to 2009 as part of the project of the Czech Academy of Sciences Grant Agency. After being completed in the first half of 2010 it underwent practical testing. After successful negotiations with the Czech Ministry of Defence Logistic Section the method was implemented in the Army of the Czech Republic in the form of guidelines in June 2010 [31] . The algorithm used the outcomes of a study of the methods of technological risks analysis based on a semi-quantitative assessment. The final algorithm comprises individual steps which determine the level of risk to the environment caused by military training. Its advantages are mainly its simplicity, its clarity, and operability when applying the individual stages of the method. Consequently, the assessment algorithm was used when developing the assessment process algorithm, which is the key part of the spatial development environmental impact assessment tool.
Results: Spatial Development Impact Assessment Method
Social, technological and environmental security requires a preventive assessment of all possible risks of planned spatial development and minimizing them prior to the plan's implementation. Spatial development security risk assessment is a rather complicated activity during which it is necessary to consider a large number of various input data and factors. The SDIA Method is based on the principle of semiquantitative assessment of potential negative aspects of spatial development and the areas of their possible impacts. The aim is to realistically assess the potential hazards resulting from spatial development. The tool was developed in compliance with national legal regulations, and thus the impact assessment process is expected to be accessible both from technological and legislative viewpoints.
Assessment Process Algorithm
We now outline the structure of the Assessment Process Algorithm whose purpose is to assess the impacts of spatial development on population, infrastructure and the environment. This algorithm defines basic relations among individual elements of the process, which are divided into two basic groups: 1) the Group of Hazards, which includes individual negative aspects of spatial development [32] , and 2) the Group of Assets (which includes population, infrastructure and environment). The algorithm itself consists of individual steps which help determine potential risks that the Group of Asset will incur damages resulting from spatial development (see Figure 1 ).
Step 1: Analysis of Elements in Hazard and Asset Groups
The analysis of elements in the hazard and asset groups is the essential step in the assessment process algorithm. The analysis considers all social, technical, and environmental aspects of the planned spatial development as well as the potential negative impacts it has on population, technical infrastructure and the environment. This part of the analysis may be carried out using data obtained from territorial plans. The analysis of the elements of asset group located in the area where spatial development is to be implemented consists of identifying all elements within the subgroups (population, technical infrastructure and the environment) whose value may be reduced or completely lost due to the negative impacts. This analysis may use information from maps and particular state administration authorities (e.g. district fire rescue corps, regional government and municipal authorities).
Step 2: Classification of Elements According to the Catalogue of Hazard and Asset Groups In the next step it is necessary to classify the elements according to the Catalogue of Hazard and Asset Groups, which consists of individual categories and their elements.
There are the categories of hazard group (i.e. the individual negative aspects of spatial development) and the categories of asset group (i.e. categories of the population, technical infrastructure and environment).
Step 3: Initiation of Index Values of the Elements in Hazard and Asset Groups
Once the elements are classified into particular categories it is necessary to initiate the index values of the elements of hazard group (I H ) and the elements of asset group (I A ). Thus the elements are assigned corresponding index values.
Step 4: Calculation of Coefficients Another step of the algorithm is the calculation of coefficients. The user adds selected criteria into preset formulae and then various coefficients are calculated for both the Hazard Group and the Asset Group. The final coefficients consider variables, such as range, frequency and probability.
Step 5: Calculation of Hazard and Vulnerability Levels The calculation of hazard levels for individual categories of hazard group (L H ) and vulnerability levels for individual categories of asset group (L A ) is made with the help of easy mathematical operations [33] . The level of each category (L) is calculated as the product of maximum index value (I max ) of initiated elements belonging to the given category and particular coefficients (C), i.e. L = I max · C.
Step 6: Determining the Probability of Damage of Asset Group Caused by the Impact of Hazard Group Determining the probability of damage (P HA ) of asset group caused by the impact of hazard group starts from the logical reasoning that this probability is the highest if the category with the highest level of hazard has impact on the category with the highest level of vulnerability and vice versa. Mathematically, the probability of damage is determined by the goniometric averaging of hazard and vulnerability levels of the assessed categories
Step 7: Determining the Risks of Damage to Population, Technical Infrastructure and Environment Caused by Spatial Development The last but one step in the assessment process is to determine the risks of damage to population, technical infrastructure and environment caused by spatial development (R HA ). The calculation of such risk is based on general platforms [34, 35] . The level of risk is determined as the product of vulnerability level of particular category of asset group and the probability related to the assessed categories of hazard and asset groups (R HA = P HA · L A ). Step 8: Implementation of Acquired Values into the Spatial Development Impact Matrix The outcome of the assessment process will be the matrix presenting the potential level of risk for population, technical infrastructure and the environment caused by intended spatial development (see Section 3.3. Spatial Development Impact Matrix).
Catalogue of Hazard and Asset Groups and Coefficients
The Catalogue of Hazard and Asset Groups is a significant component of the spatial development security assessment method. It consists of individual categories and elements. These categories are classified into the categories of hazard group and the categories of asset group. Individual categories then include elements, to which appropriate index values are assigned. The index values consider their hazardousness (in case of hazard group elements) and vulnerability (in case of asset group elements). The structure of the Catalogue of Hazard and Asset Groups is shown in Figure 2 . Coefficients play a pivotal role in the assessment process. They account for variables, such as range, frequency and probability. It can be said that coefficients are regulators of possible deviations in hazard or vulnerability of the assessed elements. That is, for example, the increasing hazardousness of the element of spatial development in relation to the frequency of hazardous substances and waste management. Moreover, ensure more accurate outcomes in determining the levels of hazards and vulnerabilities in the individual categories of threat and asset groups. The coefficients are aimed to increase the levels of particular categories according to the current state of the variables. The coefficients may be divided into two categories, according to their relation to the groups of hazards and assets, as follows: Coefficients related to the group of threats:
• Water or soil pollution burden (C WS );
• Frequency of energy emitting (C E );
• Frequency of hazardous substances management and waste management (C P );
Coefficients related to the group of assets:
• Current level of damage to the area of spatial development (C D ).
Spatial Development Impact Matrix
The final risks of damage to population, technical infrastructure and the environment caused by the intended spatial development are in the final phase of assessment shown in the Spatial Development Impact Matrix (see Figure 3) . Legend: A A -Emissions into air A W -Release of substances in water A S -Release of substances into soil A R -Exploitation of raw materials and natural resources A X -Exploitation of energy A E -Emitting of energy generation by-products A P -Waste production Note: The cross-hatched fields indicate that the aspect and category are not related and therefore the level of risk is not determined for this relation. The outcome of the assessment process is the matrix presenting the potential level of risk for population, infrastructure and environment caused by intended spatial development. These risks will be classified in three categories. The description of individual risk categories and the determination of acceptability of potential risk as well as the measures to be taken (i.e. the recommendations which should be followed by the assessor) are as follows:
• Category A Risk Level: Spatial development has a low potential risk of damage to the environment in the assessed area (i.e. the risk is acceptable).
Even potentially highly hazardous elements may be located in the given area when standard safety measures are followed. This category of risk is a necessary prerequisite for building new industrial facilities.
• Category B Risk Level: Spatial development indicates an increased potential risk of damage to the environment in the assessed area (it is necessary to reduce such a risk). It is not suitable to carry out the planned spatial development in the given area. It is recommended to look for another area or modify the spatial development plan so that it does not cause damage to the environment. At the same time it is recommended to reassess or re-plan the proposed spatial development.
• Category C Risk Level: Spatial development indicates a high potential risk of damage to the environment in the assessed area (the risk is unacceptable). This category indicates that it is the most probable that the planned spatial development will cause an extensive and serious damage to the environment in the given area. Therefore it is recommended not only to look for another, less vulnerable area, but also thoroughly check the range and level of hazard of the planned spatial development.
Discussion and Conclusions
Spatial development brings a number of risks and it may have negative impacts on balanced relations among spatial conditions and the environment, economic development and integrity of communities of population, and generally, on the sustainable development of a territory. Therefore, continually ensuring security is one of the primary conditions for successful spatial development [36] .
Currently, there is no simple and universal tool for assessing the impact of spatial development on population, infrastructure and the environment in relation to the proposed plan. In this paper, we have proposed a means to add security provisions to spatial development plans utilizing a simple algorithmic procedure based on existing impact assessment methods and tools. The universality of the proposed algorithm lies in the fact that it can easily be optimized and implemented in various countries despite various legal regulations and variable values that pertain to areas in which further development is planned. At present, the methods and tools of impact assessment are the best means for preventing the occurrence of activities with negative impacts on population and environment in areas of with high technological risk [26, 27] . For this reason it is absolutely necessary to create and implement a similar tool of assessing the impact of spatial development.
It is important to mention that the SDIA tool is not intended to be developed as a directive mechanism, but only as an informative tool for providing recommendations to assessors on whether it is suitable to carry out the planned spatial development in a given area or not. We are currently developing software that comprises the SDIA. Furthermore, we aim to provide means for visualizing the SDIA tool's outcomes in geographic information systems (GIS). These systems are generally considered to be the most adequate tools for displaying geographic elements, processes, and their inter-relations in areas of interest [37] . The GIS platform will contribute to the clearer interpretation of SDIA's acquired outcomes.
